Evaluation of 30 cases of craniopharyngioma treated by Gamma Knife at Nagoya Radiosurgery Center (NRC), Nagoya Kyoritsu Hospital since July, 2004 has been made. The mean volume of the tumor was 2.64 ml, which was treated with the marginal dose of 11.7 Gy. Mean follow-up period was 79.9 months. The effects were evaluated by MRI findings, neuro-endocrine and hypothalamic signs and symptoms, complications and KPS every 3~6 months. As the results, complete remission was obtained in 8, partial remission in 12, no change in 6, progression in 3, in which two died by hypothalamic invasion. Tumor response rate was 68.9% and control rate 87.9%. Actuarial survival was 96% at 5 and 86% at 10 years. However, progression free survival was 76% and 76%, respectively. Using marginal dose of 11.7Gy to a smaller tumor, better control without complications has been obtained. KPS was excellent in 14, good in 9, fair in 2, poor in 1 and unknown in a case. Finally, there were three deaths, where two were died of tumor progression and one by infirmity. The progression of hypothalamic symptoms other than diabetes insipidus were found in two cases. Volume reduction and effective dose setting will be important for the improvement of QOL and survival after combined microsurgery and radiosurgery of craniopharyngioma.
INTRODUCTION
As craniopharyngioma is a congenital brain tumor and benign in nature, total surgical removal is the ideal treatment. 1, 2) However, total removal is often difficult without deterioration of QOL of the patients because the tumor originates in the hypothalamic-pituitary axis. As the second choice, the residual tumor after surgery or the recurrent tumor had been treated by fractionated-radiotherapy, adjuvantly or additionally. [3] [4] [5] However, not only complications to optic nerves, pituitary gland and hypothalamus, but also control of the tumor has not been satisfied. 4, 5) Recent progress of stereotactic irradiation such as gamma knife radiosurgery (GKR) 10, [14] [15] [16] [17] [18] [19] [20] and stereotactic radiotherapy (SRT) [11] [12] [13] have become accurate, and stereotactic treatments are now good indication for craniopharyngioma. One hundred and twenty eight cases of residual or recurrent craniopharyngioma have been successively treated by GKR & surgery since May 1991 at Komaki City Hospital. 7) In this paper, recent 30 cases treated at Nagoya Kyoritsu Hospital during 10 years since July 2004 have been studied and discussed by comparison with those of previous papers. 6, 7) MATERIALS AND METHODS Characteristics of 30 patients are shown. The mean age was 44.7 (6-86) years old. Male to female ratio was 19:11, Adult to child ratio was 26:4, The ratio of post surgical residual to recurrent tumor was 23:7. The location of tumors were suprasellar and/or intraventricular in 18, intrasellar in 9, and chiasm & anterior part in 3. The nature of tumors was solid in 11, cystic in 7, and mixed in 12. Mean size of tumors was 2.64 (0.3-9.3) ml in volume and 16.3 (8.31-23.5) mm in diameter. The prescribed dose of GKR was mean maximum of 23.6 (20-28) Gy and mean marginal of 11.7 (8.2-23) Gy. The follow-up period was 6 months to 10 years after GKR, in which mean of 79.9 and median of 91 months were obtained. As the previous surgical treatments, intracranial and transshpenoidal removals of tumor were made 37 and 13 times, respectively. V-P shunt in two and Ommaya reservoir setting in three cases were performed.
The evaluation of the effects was made by repeated MRIs, neuro-endocrine changes, hypothalamic signs & symptoms, complications, and QOL assessed by KPS every 3 to 6 months.
RESULTS
Twenty-nine out of 30 patients were evaluable because one case was lost to follow-up. The change of tumors was complete remission (CR) in 8, partial remission(PR) in 12, no change (NC) in 6 and progression(PG) in 3 patients, in which 2 died by progression of hypothalamic involvement and one by infirmity. The tumor response rate was 68.9% (20/29) and the control rate was 89.7 % (26/29). Regarding signs and symptoms, ten cases showed visual disturbance, in which 3 of visual acuity, 2 of the visual field and 5 of both disturbances were found. Sixteen cases showed endocrine disturbances with panhypopituitarism in 10, GH deficiency in 4, hypocorticoid, hypo-gonad, hypo-TSH and hypo-IGF-1 in 1 before GKR. After GKR, there was no new appearance nor progression of neuro-endocrinological symptoms, and even an improvement of visual disturbance was found in 2 cases. There were 5 cases with hypothalamic signs and symptoms in which DI was found in all but other conditions were found in 3 cases such as electrolyte abnormality in 1, temperature disturbance in 1, appetite abnormality and obesity in 2 and hypersomnia in 2 cases. Hypothalamic signs and symptoms progressed in 2 cases, from which the patients died at 8.5 and 14 years after the first treatment. The outcome of patients was assessed by the doctors' reports of KPS levels. The scores were excellent (KPS=100) in 14, good (90) in 9, fair (70-80) in 2 and poor (50-60) in a case and unknown in another.
Actuarial survival by Kaplan-Meier method revealed 96% at 5 years and 86% at 10 years. PFS was 76% at 5 years and 76% at 10 years, respectively ( Figure 1 ).
Two patients presented unusual course with the hypothalamic invasion are shown. Case 1. A 6-year-old boy showed visual disturbance and hydrocephalus in September, 1996. Before visiting NRC at Nagoya Kyoritsu Hospital, he had two craniotomies for subtotal removal of the tumor, and subsequent GKR in 1996 and 1999, where the marginal doses were 11 Gy and 11.5 Gy, respectively. The third craniotomy was made in December 2004 because the suprasellar tumor recurred, and was followed by a third GKR with the marginal dose of 10.5 Gy. Fourth surgical removal was made by transsphenoidal surgery for the recurrent intrasellar tumor, followed by a 4 th GKR using the marginal dose of 14 Gy. Thereafter, bilateral visual field defects and a tendency of obesity appeared and progressed. In June 2006, obesity (body mass index; BMI>30%) and poikilothermia developed. After the tumor recurrences, three surgical removals and a 5 th GKR was made using the marginal dose of 10.5 Gy. Daytime hypersomnia and attacks of loss of consciousness occurred from June 2009. The tumor became huge even after chemotherapy using Bleomycine (Figure 2 ). The patient died in August 2010 at the age of 19. In total, the patient had nine surgeries, five GKRs and one course of chemotherapy during the 14 years from diagnosis.
Case 2. A 42-year-old man complained of visual disturbance of the right eye and was diagnosed as suprasellar tumor in June 1999. Partial removal was made by craniotomy in October. The tumor regrew and a second craniotomy was made, followed by 50 Gy of focal fractionated radiotherapy. A cystic tumor recurred in September 2003 which was evacuated by the transsphenoidal approach. Third craniotomy was made for the setting of an Ommaya reservoir in December. After cyst evacuation, GKR was made to the tumor of 6.4 ml with a marginal dose of 9.5 Gy in March 2005 ( Figure 3A ). His visual acuity became "finger movement" and his right visual field hemianopsic. The tumor enlarged after intratumoral bleeding and patient showed hydrocephalus in October 2006 ( Figure 3B ). Although a VP shunt was made, the patient became disoriented and hypersomnic from February 2007. The patient showed attacks of loss of consciousness, high fever, and electrolyte imbalance since July. Because his family rejected further treatment, the patient died in February 2008. 
DISCUSSION
One of the important factor which makes the prognosis of craniopharyngioma worsen will be the regrowth or recurrence of tumors after treatments. Many prognostic factors have been documented for the recurrence, [6] [7] 10, [14] [15] [16] [17] [18] [19] but none of them had been verified as significant factor. Recently, we have statistically analyzed nine factors which appeared in the past using our database. 20) They are age, sex, child or adult, residual or recurrent tumor, natures of tumor, size of tumor, pathological diagnosis, numbers of previous treatments and radiation dose. By univariate and multivariate analysis, tumor size and radiation dose are the significant factors for recurrence of tumor after partial removal followed by GKR. [8] [9] [10] Furthermore, ROC analysis* revealed that a mean diameter less than 19 mm and a marginal dose more than 13.2 Gy are favorable prognostic factors. 20) Regarding two factors, results of present study are compaired with those of previous studies 6,7) ( Table 1 ). Initial study presented 33 cases, in which a tumor volume of 4.4 ml was treated with the marginal dose of 12.8 Gy.
6) The tumor control rate was 84.8%, but the opticoendocrine complications occurred relatively high as 15.2% (5 in 33 cases). While the next report with 98 cases that the tumor volume of 3.5 ml was treated with a marginal dose of 11.5 Gy revealed an actuarial survival of 94 % and 91% in 5 and 10 years, but PFS were 60% and 53%, respectively. 7) However, the rate of neuro-endocrine complications decreased to 6.5% (6 in 98 cases). Finally, the present study of 30 cases in which the tumor volume of 2.6 ml was treated with a marginal dose of 11.7 Gy revealed a higher survival and PFS for 5 and 10 years without complications. Regarding the effective dose for craniopharyngioma, it was suggested that the dose should be higher than 11.5 Gy but less than 12.8 Gy and the marginal dose of 11.7Gy showed higher response and control rates. Massive hypothalamic invasion 4, 19) was found in two of 30 patients (6.6%) in this study in which the incidence was similar to that of previous study.
7 ) The tumor was originally cystic in Case 2 and mixed type in Case 1 which initially located at the anterior floor of third ventricle (Figure 2A,3A) , and grew huge to occupy whole hypothalamus until patients' death at 8.5 and 14 years. It was again suggested that the dose of each treatment seemed too low to control tumor because of OARs, especially optic nerve nearby. However, the Chiou et al. 15) had treated tumors using higher marginal dose of 16.4 Gy. Control and disappearance of tumor showed 80% and 40% respectively, however cyst enlargement in 30% and visual disturbance in 20% were found as complications.
While Ulfarsson et al. 18) had used a lowest marginal dose of 5 Gy to mean volume of 8.0 ml, lower tumor control of 36% and response rate of 23% were obtained, along with a high recurrence rate of 63% and optic nerve injury of 42.1%.
Present study has confirmed that radiation injury was not found by applying relatively smaller marginal dose of 11.7 Gy to a small tumor volume of 2.6 ml. Also actuarial survivals were 96% and 86% for 5 and 10 years, and the PFSs at same times were 76%, respectively. This implies that the effective marginal dose could be around 11.7Gy to control the tumor without radiation injury. However, surgical reduction of tumor volume is another important issue to increase the effective dose as shown by present study and others. [15] [16] [17] 19) Although so-called an optimal or effective dose for craniopharyngioma has not been defined, the marginal dose could be increased safely when a tumor is small. Both of present authors (T.K and Y.M) had successively engaged in GKR of craniopharyngioma since 1991 6) and treated consecutive 128 cases at two GK sites using common strategy of "volume reduction and setting of effective dose". Recently, many authors of GKR for craniopharyngioma have advocated the similar strategy to treat smaller tumor with higher radiation dose. [14] [15] 17, 19) It has recently been proposed by European investigators [22] [23] [24] that for the treatment of pediatric craniopharyngiomas, the initial treatment should be less invasive and conservative to prevent crucial damages to the developing brain. In case of larger tumors or inoperable conditions, stereotactic fractionated radiotherapy [11] [12] [13] has been recommended to prevent radiation injuries to the OAR after pathological diagnosis.
CONCLUSION
To improve the survival and QOL of patients with craniopharyngioma, residual or recurrent tumors should be treated by stereotactic irradiation using an effective dose to alleviate regrowth. The prognostic factors regarding recurrence were found to be radiation dose and tumor volume. The effective marginal dose will be around 11.7 Gy when the tumor size is small (2.64ml in volume or 16.3mm in diameter).
The appearance and progression of hypothalamic symptoms other than diabetes insipidus will be signs of poor prognosis, implying hypothalamic invasion of the tumor. Early diagnosis and establishment of effective treatments are crucial.
*ROC: a receiver operating characteristic (ROC) from Wikipedia, is a graphical plot of the sensitivity, or true positive rate, vs false positive rate 
